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(57) ABSTRACT 

The invention relates to an electrophotographic photorecep 
tor in Which protrusions from the surface of the photoreceptor 
are partly or completely covered by a resin. The effect of such 
resin covering is to reduce toner deposition, thereby reducing 
or eliminating spotting defects in images formed using the 
electrophoto graphic photoreceptor. The invention further 
relates to an image-forming apparatus incorporating such an 
electrophotographic photoreceptor. 

15 Claims, 8 Drawing Sheets 
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ELECTROPHOTOGRAPHIC 
PHOTORECEPTOR, METHOD FOR 
MANUFACTURING THE SAME, AND 
IMAGE-FORMING APPARATUS USING 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority under 35 U.S.C. 
§1 19 to Japanese Patent Application No. 2007-1 16095, ?led 
Apr. 25, 2007, entitled “ELECTROPHOTOGRAPHIC PHO 
TORECEPTOR, METHOD FOR MANUFACTURING 
THE SAME, AND IMAGE-FORMING APPARATUS” The 
contents of this application are incorporated herein by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electrophotographic 

photoreceptor, a method for manufacturing the electrophoto 
graphic photoreceptor, and an image-forming apparatus that 
includes the electrophotographic photoreceptor. 

2. Description of the Related Art 
The production of electrophoto graphic photoreceptors that 

include an amorphous silicon (hereinafter referred to as 
“a-Si”) photosensitive layer is increasing year by year 
because of their high abrasion resistance, high heat resis 
tance, high photosensitivity, and nonpolluting characteristics. 
One of such electrophotographic photoreceptors includes 

an a-Si photosensitive layer that is formed on a cylindrical 
aluminum alloy substrate by a thin-?lm forming method (for 
example, a gloW discharge decomposition method). This a-Si 
photosensitive layer includes an a-Si photoconductive layer 
and a surface layer formed thereon. The a-Si photosensitive 
layer may include a carrier injection preventing layer betWeen 
the cylindrical substrate and the photoconductive layer. 

HoWever, in electrophotographic photoreceptors having 
such a structure, the photosensitive layer may have a protru 
s1on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Amore complete appreciation of the invention and many of 
the attendant advantages thereof Will be readily obtained as 
the same becomes better understood by reference to the fol 
loWing detailed description When considered in connection 
With the accompanying draWings, Wherein: 

FIG. 1 is a schematic vieW of an image-forming apparatus 
according to an embodiment of the present invention; 

FIG. 2A is a schematic cross-sectional vieW of an electro 
photographic photoreceptor according to an embodiment of 
the present invention, and FIG. 2B is an enlarged vieW of a 
principal part thereof; 

FIG. 3 is a schematic cross-sectional vieW of a plasma 
chemical vapor deposition (CVD) apparatus for forming a 
photosensitive layer in the electrophotographic photorecep 
tor illustrated in FIG. 2A; 

FIG. 4 is a schematic cross-sectional vieW of a principal 
part of an electrophotographic photoreceptor to illustrate a 
protrusion disposed on a photosensitive layer; 

FIGS. 5A to 5C are schematic cross-sectional vieWs of a 
principal part of an electrophotographic photoreceptor to 
illustrate a resin portion that partly (5A, 5B) or entirely (5C) 
covers a protrusion disposed on a photosensitive layer; 
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2 
FIG. 6 is a schematic vieW of an apparatus for forming a 

resin portion; 
FIG. 7 is a schematic cross-sectional vieW illustrating hoW 

a protrusion disposed on a photosensitive layer scrapes resin 
offa resin ?lm; 

FIGS. 8A to 8C are schematic cross-sectional vieWs of a 

principal part of an electrophotographic photoreceptor to 
illustrate a resin portion that partly (8A, 8B) or entirely (8C) 
covers a protrusion disposed on a photosensitive layer; 

FIG. 9 is a schematic cross-sectional vieW of a principal 
part of a lapping sheet for grinding a resin portion; and 

FIG. 10 is a schematic vieW of another apparatus for form 
ing a resin portion upon a electrophotographic photoreceptor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to an aspect of the present invention, an elec 
trophotographic photoreceptor includes a substrate, a photo 
sensitive layer and a resin portion. The photosensitive layer is 
disposed on the substrate and has a protrusion thereon. The 
resin portion partly or entirely covers the protrusion. 

According to another aspect of the present invention, a 
method for manufacturing an electrophotographic photore 
ceptor includes the steps of: forming a photosensitive layer on 
the outer surface of a cylindrical substrate; and partly or 
entirely covering a protrusion disposed on the photosensitive 
layer With a resin. 

According to further aspect of the present invention, an 
image-forming apparatus includes the electrophotographic 
photoreceptor. 
Some embodiments of the invention Will noW be described 

With reference to the accompanying draWings, Wherein like 
reference numerals designate corresponding or identical ele 
ments throughout the various draWings. 
As illustrated in FIG. 1, an image-forming apparatus 1 

utiliZes a Carlson process as an image-forming method. The 
image-forming apparatus 1 includes an electrophotographic 
photoreceptor 2, a charger 41, an exposure unit 42, a devel 
oping unit 43, a transfer unit 44, a ?xing unit 45, a cleaning 
unit 46, and a static eliminator 47. 
The charger 41 is of a non-contact type. The charger 41 

includes a housing 41B having an opening 41A facing the 
electrophotographic photoreceptor 2, the grid electrode 41C 
disposed at the opening 41A, and a charging Wire 41D dis 
posed inside the housing 41B. 

The charger may be a contact charger in place of the non 
contact charger 41. The contact charger may have a charging 
roller. For example, the charging roller includes an electro 
conductive rubber roller and a metal shaft disposed at the 
center of the electroconductive rubber roller. A direct-current 
(DC) voltage or a voltage of DC and alternating current (AC) 
is applied to the metal shaft to charge the electrophotographic 
photoreceptor 2 directly. 

The exposure unit 42 can emit light having a particular 
Wavelength (for example, in the range of 650 to 780 nm) and 
forms an electrostatic latent image on the electrophoto 
graphic photoreceptor 2. The exposure unit 42 can irradiate 
the electrophotographic photoreceptor 2 With light corre 
sponding to a picture signal to reduce the electric potential at 
the irradiated portion, thus forming an electrostatic latent 
image as a voltage contrast. The exposure unit 42 may include 
a light-emitting diode (LED) head including a plurality of 
LED devices (Wavelength: about 680 nm). Alternatively, in 
place of the LED head, the exposure unit 42 may include an 
optical system that includes a laser beam and a polygonal 
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mirror, or an optical system that includes a lens and a mirror 
each transmitting light re?ected from an object to be printed. 

The developing unit 43 develops an electrostatic latent 
image of the electrophotographic photoreceptor 2 to form a 
toner image. The developing unit 43 includes a developing 
roller 43A for retaining a developing agent (toner), and a 
Wheel (not shoWn) for maintaining a substantially constant 
gap betWeen the developing unit 43 and the electrophoto 
graphic photoreceptor 2. The developing agent composes a 
toner image that is formed on the electrophotographic pho 
toreceptor 2. The developing agent may be a one-component 
system containing a toner or a tWo-component system con 
taining a toner and a carrier. 

The developing roller 43A conveys a developing agent to 
the surface (particularly to an area to be developed) of the 
electrophotographic photoreceptor 2. The developing roller 
43A is charged at a predetermined electric potential With a 
predetermined polarity upon the application of a direct-cur 
rent voltage or an alternating voltage. 

In the developing unit 43, the developing agent conveyed 
by the developing roller 43A adheres to an area to be devel 
oped on the electrophotographic photoreceptor 2 by the elec 
trostatic attraction force betWeen the developing agent and an 
electrostatic latent image, thus visualiZing the latent image. 
When a toner image is formed by normal development, the 
charge polarity of the toner image is opposite to the charge 
polarity of the surface of the electrophotographic photorecep 
tor 2. When a toner image is formed by reversal development, 
the charge polarity of the toner image is the same as the charge 
polarity of the surface of the electrophotographic photorecep 
tor 2. 

The transfer unit 44 transfers a toner image formed on the 
electrophoto graphic photoreceptor 2 to a recording medium P 
supplied to a transfer area betWeen the electrophotographic 
photoreceptor 2 and the transfer unit 44. The transfer unit 44 
includes a transfer charger 44A and a detach charger 44B. In 
the transfer unit 44, the back (non-recording surface) of the 
recording medium P is charged oppositely to the toner image 
by the transfer charger 44A. The electrostatic attraction force 
betWeen the charged electricity and the toner image alloWs 
the toner image to be transferred to the recording medium P. 
In the transfer unit 44, synchronously With the transfer of the 
toner image, the back of the recording medium P is charged 
by an alternating current by the detach charger 44B. Conse 
quently, the recording medium P is immediately separated 
from the surface of the electrophotographic photoreceptor 2. 

The transfer unit 44 may be a transfer roller, Which is 
disposed facing to the electrophotographic photoreceptor 2 
With a minute gap (typically 0.5 mm or less) therebetWeen. 
The transfer roller is designed to apply a transfer voltage to 
the recording medium P, for example, With a direct-current 
poWer source to attract a toner image formed on the electro 
photographic photoreceptor 2 to the recording medium P. The 
use of the transfer roller can eliminate a detach apparatus, 
such as the detach charger 44B. 
The ?xing unit 45 includes a pair of ?xing rollers 45A and 

45B, and ?xes a transferred toner image on the recording 
medium P. The ?xing rollers 45A and 45B may be a metal 
roller coated With Te?on (registered trademark). The ?xing 
unit 45 ?xes a toner image, for example, by heating the 
recording medium P and applying pressure on the recording 
medium P When the recording medium P passes betWeen the 
pair of ?xing rollers 45A and 45B. 

The cleaning unit 46 includes a cleaning blade 46A, a 
spring 46B, and a case 46C, and removes a developing agent 
that remains on the electrophotographic photoreceptor 2. The 
cleaning blade 46A scrapes a residual toner off the surface of 
a surface layer 29 of the electrophoto graphic photoreceptor 2. 
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4 
The cleaning blade 46A is supported by the case 46C via an 
urging means, such as the spring 46B, such that the front-end 
of the cleaning blade 46A is pressed against the outer surface 
(surface layer 29 in FIG. 2B) of the electrophotographic pho 
toreceptor 2. The cleaning blade 46A may be formed of a 
rubber material mainly composed of a polyurethane resin. 
The front-end of the cleaning blade 46A in contact With the 
surface layer 29 typically has a thickness in the range of 1 .0 to 
1 .2 mm. The linear pressure of the cleaning blade 46A against 
the surface layer 29 may be 0.14 gf/cm (typically in the range 
of 0.05 to 0.3 gf/cm). The cleaning blade 46A may have a 
hardness of 74 (suitably in the range of 67 to 84) according to 
JIS K 6253 (ISO 7619). 
The static eliminator 47 removes surface charges (a 

remaining electrostatic latent image) of the electrophoto 
graphic photoreceptor 2. The static eliminator 47 irradiates 
the outer surface (surface layer 29 in FIG. 2B) of the electro 
photographic photoreceptor 2 With light from a light source, 
such as an LED, thus removing surface charges of the elec 
trophotographic photoreceptor 2. 
An electrostatic latent image and a toner image are formed 

on the electrophotographic photoreceptor in response to a 
picture signal. The electrophotographic photoreceptor can 
rotate in the direction of arroW A in FIG. 1. As illustrated in 
FIG. 2A, the electrophotographic photoreceptor 2 includes a 
photosensitive layer 21 formed on a cylindrical substrate 20. 
The cylindrical substrate 20 is a base body of the electro 

photographic photoreceptor 2. At least the surface of the 
cylindrical substrate 20 is electrically conductive. More spe 
ci?cally, the cylindrical substrate 20 may be formed entirely 
of an electroconductive material, or may be an insulating 
cylindrical body having an electroconductive ?lm thereon. 
Examples of the electroconductive material that forms the 
cylindrical substrate 20 include metals, such as Al, stainless 
steel (SUS), Zn, Cu, Fe, Ti, Ni, Cr, Ta, Sn, Au, and Ag, and 
alloys thereof. Examples of an insulating material that forms 
the cylindrical substrate 20 include resins, glasses, and 
ceramics. Examples of a material that forms the electrocon 
ductive ?lm of the cylindrical substrate 20 include the same 
metals as the electroconductive material that forms the cylin 
drical substrate 20 and transparent electroconductive materi 
als, such as indium tin oxide (ITO) and SnO2. Preferably, the 
cylindrical substrate 20 is formed entirely of an Al alloy 
material. An Al alloy material can reduce the Weight and the 
cost of the electrophotographic photoreceptor 2. In addition, 
When a charge injection preventing layer 27 and a photocon 
ductive layer 28 of the photosensitive layer 21 described 
beloW are formed of an amorphous silicon (a-Si) material, the 
adhesiveness betWeen the electrophotographic photoreceptor 
2 and the charge injection preventing layer 27 or the photo 
conductive layer 28 increases. This also increases the reliabil 
ity. 
The photosensitive layer 21 may be composed of the 

charge injection preventing layer 27, the photoconductive 
layer 28, and the surface layer 29. 
The charge injection preventing layer 27 prevents electrons 

and/or holes of the cylindrical substrate 20 from being 
injected into the photoconductive layer 28. A material of the 
charge injection preventing layer 27 depends on the material 
of the photoconductive layer 28, and may be an inorganic 
material, such as an a-Si material. The charge injection pre 
venting layer 27 may be omitted. Furthermore, the charge 
injection preventing layer 27 may be replaced With a layer 
absorbing long-Wavelength light. The layer absorbing long 
Wavelength light can prevent incident light having a long 
Wavelength of at least 0.8 um from being re?ected from the 
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cylindrical substrate 20 and forming interference fringes on a 
recorded image during exposure. 

In the photoconductive layer 28, exposure to a laser beam 
from the exposure unit 42 excites electrons and generates 
carriers, such as free electrons or holes. The thickness of the 
photoconductive layer 28 depends on the photoconductive 
material and desired electrophoto graphic characteristics, and 
may be in the range of 5 to 100 um (suitably in the range of 15 
to 80 pm). 

The photoconductive layer 28 is formed of an a-Si material. 
Examples of the a-Si material include a-Si, amorphous silicon 
carbide (a-SiC), amorphous silicon nitride (a-SiN), amor 
phous silicon oxide (a-SiO), amorphous silicon germanium 
(a-SiGe), amorphous silicon carbonitride (a-SiCN), amor 
phous silicon oxynitride (a-SiNO), amorphous silicon oxy 
carbide (a-SiCO), and amorphous silicon oxycarbonitride 
(a-SiCNO). In particular, a photoconductive layer 28 formed 
of a-Si or an a-Si alloy material composed of an a-Si and an 
element, such as C, N, or O, consistently has excellent elec 
trophotographic characteristics, such as high photosensitiv 
ity, high responsivity, good repetition stability, good heat 
resistance, and high durability. In addition, this photoconduc 
tive layer 28 has high compatibility With a surface layer 29 
formed of hydrogenated a-SiC (hereinafter referred to as 
a-SiCzH). The photoconductive layer 28 may contain par 
ticles of the a-Si material described above dispersed in a resin, 
or may be an organic photo conductor (OPC) layer. 
When the photoconductive layer 28 is formed entirely of an 

inorganic substance, the photoconductive layer 28 may be 
formed by a knoWn method, such as gloW discharge decom 
position, sputtering, vapor deposition, electron cyclotron 
resonance (ECR), photo-CVD, catalytic CVD, or reactive 
evaporation. 

The photoconductive layer 28 may be formed With a 
plasma CVD apparatus 5 illustrated in FIG. 3. The plasma 
CVD apparatus 5 includes a substrate support 51 at the center 
of a cylindrical vacuum vessel 50. An a-Si ?lm is formed by 
gloW discharge plasma on a cylindrical substrate 20 sup 
ported by the substrate support 51. The vacuum vessel 50 is 
coupled to a high-frequency poWer source 52. A high-fre 
quency poWer is applied betWeen the vacuum vessel 50 and 
the substrate support 51 (cylindrical substrate 20) Which is 
grounded. The substrate support 51 can be rotated by a rota 
tion mechanism 53, and is heated by a heater 54 disposed in 
the substrate support 51. The plasma CVD apparatus 5 further 
includes a plurality of gas-inlet pipes 55 surrounding the 
substrate support 51 (cylindrical substrate 20). Each of the 
gas-inlet pipes 55 includes a plurality of gas inlets 56 dis 
posed in the axial direction. The gas inlets 56 face the cylin 
drical substrate 20 so that a reaction gas bloWs out from the 
gas inlets 56 toWard the cylindrical substrate 20. 

In the formation of an a-Si ?lm on the cylindrical substrate 
20 With the plasma CVD apparatus 5, a reaction gas having a 
predetermined composition is bloWn on the cylindrical sub 
strate 20 at a predetermined ?oW rate from the gas-inlet pipes 
55 via the gas inlets 56, While the cylindrical substrate 20, 
together With the substrate support 51, is rotated by the rota 
tion mechanism 53. The high-frequency poWer source 52 
applies a high-frequency poWer betWeen the vacuum vessel 
50 and the substrate support 51 (cylindrical substrate 20) to 
decompose the reaction gas by gloW discharge, thereby form 
ing an a-Si ?lm on the cylindrical substrate 20, Which is 
maintained at a desired temperature. 
As illustrated in FIG. 2B, the surface layer 29, Which is 

formed on the photoconductive layer 28, protects the photo 
conductive layer 28 from friction and abrasion. The surface 
layer 29 is formed of an inorganic material, such as an a-Si 
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6 
material. The thickness of the surface layer 29 is in the range 
of 0.2 to 1.5 pm (suitably in the range of 0.5 to 1.0 pm). The 
surface layer 29 having a thickness of at least 0.2 pm can 
reduce image ?aWs and inconsistencies in image density due 
to impression durability. The surface layer 29 having a thick 
ness of 1.5 pm or less improves initial properties (for 
example, image defects due to residual potential). 
A surface layer 29 formed of a-SiC:H can be formed With 

the plasma CVD apparatus 5 illustrated in FIG. 3, in the same 
Way as the photoconductive layer 28 formed of an a-Si mate 
rial. When an a-Si photosensitive layer 21 is formed With the 
plasma CVD apparatus 5, a protrusion 22 may be formed at 
the surface of the photosensitive layer 21, as illustrated in 
FIG. 4. This protrusion 22 may be formed by abnormal 
groWth of a foreign particle 23 deposited on the surface of the 
cylindrical substrate 20 or during the formation of the photo 
sensitive layer 21. The protrusion 22 may cause an image 
defect, as described above. 

In the electrophotographic photoreceptor 2, as illustrated 
in FIGS. 5A to SC, resin portion 6a, 6b, or 60 partly or entirely 
covers a protrusion 22. 
As illustrated in FIG. 5A, the resin portion 6a is formed on 

the front side of the protrusion 22 in the rotation direction of 
the electrophoto graphic photoreceptor 2 so that the resin por 
tion 611 reduces a difference in level betWeen the protrusion 22 
and a normal surface 24. 
As illustrated in FIG. 5B, the resin portion 6b is formed on 

the front and rear sides of the protrusion 22 in the rotation 
direction of the electrophotographic photoreceptor 2 so that 
the resin portion 6b reduces a difference in level betWeen the 
protrusion 22 and the normal surface 24. 
As illustrated in FIG. 5C, a resin portion 60 entirely covers 

the protrusion 22. More speci?cally, the resin portion 60 
covers the top 22A of the protrusion 22, as Well as the front 
and rear sides of the protrusion 22 in the rotation direction of 
the electrophotographic photoreceptor 2. 
As illustrated in FIG. 6, the resin portions 6a, 6b, and 60 

illustrated in FIGS. 5A to SC can be formed by making a resin 
sheet 60 contact With the photosensitive layer 21 (see FIG. 
2A) disposed on the cylindrical substrate 20, Which is rotat 
ably supported, for example, by an umbrella-shaped center 
pin (not shoWn) for use in a lathe. The resin sheet 60 supplied 
from a resin roller 61 is pressed against the photosensitive 
layer 21 by a rear roller 62. The rear roller 62 generally rotates 
in the different direction as the cylindrical substrate 20. The 
resin sheet 60 is Wound around a recovery roller 63. 
The nip Width betWeen the photosensitive layer 21 and the 

resin sheet 60 is controlled by the hardness of the resin sheet 
60 and the pressing force of the rear roller 62 against the 
photosensitive layer 21 via the resin sheet 60. The resin sheet 
60 may be a monolayer of a resin material of the resin portion 
6a, 6b, or 60, or a multilayer composed of the resin materials 
on a base sheet. Examples of the resin material include “?uo 
rocarbon resins” (Which include at least one ?uorine atom and 
may include other halogen atoms), polystyrene resins, and 
polyethylene resins. Fluorocarbon resins are preferred in 
terms of the prevention of toner deposition. Examples of the 
?uorocarbon resins include polytetra?uoroethylene, poly 
chlorotri?uoroethylene, polyvinylidene ?uoride, polyvinyl 
?uoride, per?uoroalkoxy ?uorocarbons, tetra?uoroethylene 
hexa?uoropropylene copolymers, ethylene-tetra?uoroethyl 
ene copolymers, and ethylene-chlorotri?uoroethylene 
copolymers. The pressing force of the rear roller 62 against 
the photo sensitive layer 21 via the resin sheet 60 may be in the 
range of 0.01 to 0.2 kgf/cm2 (9.806><10 to 1.961><10 Pa) per 
unit axial length. The nip Width may be in the range of 0.01 to 
2 mm. 
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As illustrated in FIG. 7, When the resin sheet 60 moves 
relative to the cylindrical substrate 20 While the resin sheet 60 
is in contact With the photosensitive layer 21, the protrusion 
22 scrapes a resin 64 off the resin sheet 60. The resin 64 
adheres to the photosensitive layer 21 to reduce a difference in 
level betWeen the protrusion 22 and the normal surface 24. 
The nip Width betWeen the photosensitive layer 21 and the 
resin sheet 60, the hardness of the resin sheet 60 (the compo 
sition of the resin material), or the moving speed of the resin 
sheet 60 is appropriately controlled to apply the resin portion 
6a, 6b, or 60 to the side and/or the top of the protrusion 22 
While the resin adhering to the normal surface 24 is mini 
miZed, as illustrated in FIGS. 5A to 5C. 

In the electrophotographic photoreceptor 2, at least part of 
the side of the protrusion 22 disposed on the photosensitive 
layer 21 is covered With the resin portion 6a, 6b, or 60. This 
can reduce the toner deposition at a stepped portion 25 
betWeen the protrusion 22 and the normal surface 24, and 
alloWs toner around the protrusion 22 to be removed easily 
With the cleaning blade 46A. Furthermore, the reduction in 
toner deposition around the protrusion 22 can reduce toner 
adherence to the photosensitive layer 21. 

Thus, in the electrophotographic photoreceptor 2 and the 
image-forming apparatus 1 including the electrophoto 
graphic photoreceptor 2, image defects caused by the toner 
deposition around the protrusion 22, as Well as insuf?cient 
cleaning and black-striped image defects, can be reduced. 

Other examples of the resin portion are described beloW 
With reference to FIGS. 8A to 8C and FIG. 9. 
As illustrated in FIGS. 8A to 8C, a resin portion 7a, 7b, or 

70 partly or entirely covers the side of the protrusion 22, or 
entirely covers the protrusion 22 having a ?at top 70. 
As illustrated in FIG. 8A, the resin portion 7a corresponds 

to a truncated form of the protrusion 22 illustrated in FIG. 5A. 
As illustrated in FIG. 8B, the resin portion 7b corresponds to 
a truncated form of the protrusion 22 illustrated in FIG. 5B. 
As illustrated in FIG. 8C, the resin portion 70 corresponds to 
a truncated form of the protrusion 22 illustrated in FIG. 5C. 

The resin portions 7a, 7b, and 70 can be formed in the same 
Way as the resin portions 6a, 6b, and 60 illustrated in FIGS. 
5A to SC, except that the protrusion 22 is truncated. 

The protrusion 22 may be truncated using a lapping sheet in 
place of the resin sheet 60 of the apparatus illustrated in FIG. 
6. The direction of movement of the lapping sheet may folloW 
the rotation direction of the cylindrical substrate 20, or may 
be the opposite direction thereof. 
As illustrated in FIG. 9, a lapping sheet 71 includes a base 

sheet 72 and a polymer resin binder 74 containing abrasive 
particles 73. Preferably, the base sheet 72 is a polyester that 
does not expand and contract signi?cantly and has a uniform 
thickness. Examples of the abrasive particles 73 include sili 
con carbide, iron oxide, chromium oxide, aluminum oxide, 
and diamond particles. The siZe of the abrasive particles 73 
may be in the range of 0.3 to 20 pm. 

The protrusion 22 is ground With the lapping sheet 71 to 
form a truncated protrusion 22. The height of the truncated 
protrusion 22 is appropriately determined in a manner that 
depends on the siZe of the protrusion 22. For example, When 
the protrusion 22 has a diameter of 0.3 mm or less and a height 
of 60 pm or less, the height of the truncated protrusion 22 may 
be in the range of about 0.1 to 1 pm. 

After the protrusion 22 is ground, the lapping sheet 71 of 
the apparatus is replaced With the resin sheet 60. In the same 
Way as the resin portions 6a, 6b, and 60 illustrated in FIGS. 
5A to SC, the resin portion 7a, 7b, or 70 is formed to reduce a 
difference in level betWeen the protrusion 22 (?at top 70) and 
the normal surface 24. 
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8 
Grinding of the protrusion 22 and the formation of the resin 

portion 7a, 7b, or 70 may be performed in a single step by 
controlling the type of the lapping sheet 71 (the type and the 
particle siZe of abrasive particles, the type of a binder, etc.), 
the nip Width betWeen the photosensitive layer 21 and the 
lapping sheet 71, and the moving speed of the lapping sheet 
71 relative to the cylindrical substrate 20. 

Thus, in the electrophotographic photoreceptor 2 having 
the resin portion 7a, 7b, or 70 and the image-forming appa 
ratus 1 including the electrophotographic photoreceptor 2, 
image defects caused by the toner deposition around the 
protrusion 22, as Well as insu?icient cleaning and black 
striped image defects, can be reduced. 

Furthermore, even When the protrusion 22 comes into con 
tact With the cleaning blade 46A, a reduction in height of the 
protrusion 22 can reduce frictional heat and damage to the 
cleaning blade 46A. This can further reduce adhesion of toner 
to the photosensitive layer 21, and further reduce the occur 
rence of insuf?cient cleaning and black-striped image 
defects. 
The resin portions 6a, 6b, 60, 7a, 7b, and 70 may be formed 

not only by the methods described above, but also using a 
liquid material containing a resin material. 

For example, as illustrated in FIG. 10, a liquid material 
(resin coating material) is applied to the photosensitive layer 
21 With a spray coater 80, While the electrophotographic 
photoreceptor 2 is rotated. After the resin coating material is 
heat-treated With a heat treatment apparatus 81, an excessive 
resin coating material is removed With a blade 82 and a 
?nishing roller 83. 
The present invention Will be further described With 

Examples. The present invention is not limited to the 
Examples. 

Example 1 

Toner deposition Was ob served after image forming in both 
cases Where a protrusion disposed on an electrophotographic 
photoreceptor is or is not covered With a resin portion. 
(Production of Electrophotographic Photoreceptor) 

Electrophotographic photoreceptors A and B according to 
Comparative Examples and electrophoto graphic photorecep 
tors C1, C2, D1 and D2 according to Examples Were pro 
duced. 
The electrophotographic photoreceptorA Was produced as 

folloWs. A cylindrical substrate Was mirror-?nished and 
Washed. A photo sensitive layer Was formed on the cylindrical 
substrate With a plasma CVD apparatus 5 illustrated in FIG. 3. 
The cylindrical substrate Was an aluminum cylindrical sub 
strate having a diameter of 84 mm and a length of 370 mm. 
The photosensitive layer had a three-layered structure com 
posed of a p-type charge injection preventing layer, an a-Si 
photoconductive layer, and an a-Si surface layer. The p-type 
charge injection preventing layer Was formed using SiH4, 
B2H6, H2, and NO as reaction gases, and had a thickness of 
4 um. The a-Si photoconductive layer Was formedusing SiH4, 
H2, and BZH6 as reaction gases, and had a thickness of 27 pm. 
The a-Si surface layer Was formed using SiH4 and CH4 as 
reaction gases, and had a thickness of 0.7 pm. 

The electrophotographic photoreceptor B Was produced as 
folloWs. A photoreceptor produced in the same Way as the 
electrophotographic photoreceptor A Was attached to a 
umbrella-shaped center pin, and Was installed in a rotator. The 
photoreceptor Was rotated at 60 revolutions per minute (rpm) 
to grind a protrusion disposed on the photoreceptor With a 
lapping sheet (planariZation), thus producing the electropho 
tographic photoreceptor B. 
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The electrophotographic photoreceptors C were produced 
as follows: a photoreceptor subjected to the planariZation as 
in the electrophotographic photoreceptor B was brought into 
contact with a resin-coated sheet to cover the protrusion and 
its periphery with a resin portion (see FIG. 8C). The resin 
portion was formed of a ?uorocarbon resin (C2) or a polysty 
rene resin (C1). 

The electrophotographic photoreceptors D were produced 
as follows: a photoreceptor (not subjected to planariZation) 
produced in the same way as the electrophotographic photo 
receptorA was brought into contact with a resin-coated sheet 
to cover the protrusion and its periphery with a resin portion 
(see FIG. 5C). The resin portion was formed of a ?uorocarbon 
resin (D2) or a polystyrene resin (D1). 
(Evaluation of Toner Deposition) 
The electrophotographic photoreceptor A, B, C, or D was 

installed in an image-forming apparatus (KM-8030, Kyocera 
Mita Corporation). After a plate wear test of 10,000 sheets, 
the electrophotographic photoreceptor was visually 
inspected. This test was performed in quintuplicate for each 
of the electrophotographic photoreceptors A, B, C, and D. 
The toner deposition was evaluated as the incidence of the 
toner deposition. The incidence of the toner deposition was 
de?ned by the ratio of the number of protrusions to which 
toner adhered to the total number of protrusions. 

TABLE 1 

Resin portion 

None Polystyrene resin Fluorocarbon resin 

A 25% i i 

B 5% i i 

C i 0% (C1) 0% (C2) 
D i 8% (D1) 2% (D2) 

Table 1 shows that, in a comparison of the electrophoto 
graphic photoreceptors A and D1 in which the protrusion was 
not truncated, the presence of the polystyrene resin portion 
reduced the incidence of the toner deposition from 25% to 
8%, and the presence of the ?uorocarbon resin portion (Ex 
ample D2) reduced the incidence of the toner deposition to 
2%. In a comparison of the electrophotographic photorecep 
tors B, C1 and C2 in which the protrusion was truncated, the 
presence of the polystyrene (C1) or ?uorocarbon (C2) resin 
portion reduced the incidence of the toner deposition from 
5% to 0%. 

These results demonstrate that the formation of a resin 
portion can reduce the toner deposition. 

Furthermore, the incidence of the toner deposition was 
lower in the electrophotographic photoreceptors C1 and C2, 
in which the truncated protrusion was covered with the resin 
portion, than in the electrophotographic photoreceptors D1 
and D2, in which the full protrusion was covered with the 
resin portion. 

This result demonstrates that the formation of a resin por 
tion covering a truncated protrusion can further reduce the 
toner deposition. 

Furthermore, the incidence of the toner deposition was 
lower in the electrophoto graphic photoreceptor D2 having the 
?uorocarbon resin portion than in the electrophotographic 
photoreceptor D1 having the polystyrene resin portion. 

This result demonstrates that the ?uorocarbon resinportion 
is preferred to the polystyrene resin portion. 

Example 2 

The surfaces of the photosensitive layers of the electropho 
tographic photoreceptors A and D1 in Example 1 were 
observed. Images after a plate wear test were evaluated. 
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10 
Surface observation of the electrophotographic photore 

ceptor A before use showed that there were 20 protrusions 
having a diameter in the range of 0.1 to 0.2 mm and a height 
in the range of 15 to 50 pm. 
The electrophotographic photoreceptor A was installed in 

an image-forming apparatus (KM-8030, Kyocera Mita Cor 
poration). After a plate wear test of 10,000 sheets, surface 
observation of the photosensitive layer showed that there was 
discharge breakdown of one protrusion and that ?ve of the 20 
protrusions had toner deposition. Inspection of images after 
the plate wear test showed that there were two black spots in 
a white solid portion and six white spots in a gray image 
formed by performing an intermediate exposure (exposure at 
an intermediate point of the light decay from the dark voltage) 
to a black solid portion. The term “white solid portion”, as 
used herein, refers to a printed portion corresponding to an 
unexposed portion of an electrophotographic photoreceptor. 

Surface observation of the electrophotographic photore 
ceptor D1 before use showed that there were 25 protrusions 
having a diameter in the range of 0.1 to 0.2 mm and a height 
in the range of 15 to 50 pm. 
The electrophotographic photoreceptor D1 was installed in 

the image-forming apparatus (KM-8030, Kyocera Mita Cor 
poration). After a plate wear test of 10,000 sheets, two of the 
25 protrusions had toner deposition, and the discharge break 
down of the protrusions was not observed. Inspection of 
images after the plate wear test showed that there was no 
black spot in a white solid portion and two white spots in a 
gray image formed by performing an intermediate exposure 
to a black solid portion. 

Example 3 

Surface observation of a photosensitive layer of an electro 
photographic photoreceptor E and the evaluation of images 
after a plate wear test were performed as in Example 2. In the 
electrophotographic photoreceptor E, grinding of a protru 
sion and the formation of a resin portion were performed in a 
single step. 
A photoreceptor (not subjected to planariZation) produced 

in the same way as the electrophotographic photoreceptor A 
was treated with a lapping sheet to produce the electrophoto 
graphic photoreceptor E. The lapping sheet was composed of 
a polyethylene terephthalate base sheet and a ?uorocarbon 
resin binder containing abrasive particles. 
The lapping sheet was brought into contact with a photo 

sensitive layer with an apparatus illustrated in FIG. 6. Grind 
ing of a protrusion with the abrasive particles and the forma 
tion of a ?uorocarbon resin portion were performed in a single 
step. The pressing force of the lapping sheet against the pho 
tosensitive layer was appropriately controlled to selectively 
cover a protrusion with a resin portion (see FIG. 8C). 

Surface observation of the electrophotographic photore 
ceptor E before use showed that there was no protrusion 
having a diameter in the range of 0.1 to 0.2 mm and a height 
in the range of 15 to 50 pm. 
The electrophotographic photoreceptor E was installed in 

an image-forming apparatus (KM-8030, Kyocera Mita Cor 
poration). After a plate wear test of 10,000 sheets, surface 
observation of the photosensitive layer showed that there was 
no discharge breakdown and no substantial toner deposition. 
Inspection of images after the plate wear test showed that 
there was no black spot in a white solid portion and no white 
spot in a gray image formed by performing an intermediate 
exposure to a black solid portion. 
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Example 4 

Surface observation of a photosensitive layer of an electro 
photographic photoreceptor F and the evaluation of images 
after a plate Wear test Were performed as in Example 2. In the 
electrophotographic photoreceptor F, a resin portion Was 
formed With an apparatus illustrated in FIG. 10. 

The electrophotographic photoreceptor F Was produced as 
folloWs. A photoreceptor produced in the same Way as the 
electrophotographic photoreceptor A Was attached to a 
umbrella-shaped center pin, and Was installed in an rotator. A 
resin coating material Was applied to a photosensitive layer 
With a spray coater, While the electrophotographic photore 
ceptor F Was rotated. A rubber blade Was then brought into 
contact With the rotated photoreceptor to scrape the resin 
coating material off a normal surface. A ?nishing roller Was 
then brought into contact With the rotated photoreceptor to 
further scrape the resin coating material off the normal sur 
face. Thus, a protrusion disposed on the electrophotographic 
photoreceptor F Was selectively covered With the resin coat 
ing material (see FIG. 5C). 

Surface observation of the electrophotographic photore 
ceptor F before use shoWed that there Were 20 protrusions 
having a diameter in the range of 0.1 to 0.2 mm and a height 
in the range of 15 to 50 um. 

The electrophotographic photoreceptor F Was installed in 
an image-forming apparatus (KM-8030, Kyocera Mita Cor 
poration). After a plate Wear test of 10,000 sheets, surface 
observation of the photosensitive layer shoWed that there Was 
no discharge breakdoWn and that tWo of the 20 protrusions 
had toner deposition. Inspection of images after the plate 
Wear test shoWed that there Was one black spot in a White solid 
portion and tWo White spots in a gray image formed by per 
forming an intermediate exposure to a black solid portion. 

Table 2 summarizes the results of Examples 2, 3, and 4. 
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2. The electrophotographic photoreceptor according to 

claim 1, that exhibits reduced toner deposition compared to 
the electrophoto graphic photoreceptor that does not have any 
resin portion. 

3. The electrophotographic photoreceptor according to 
claim 1, that exhibits reduced toner deposition su?icient that 
black spotting defects in images are not observed. 

4. The electrophotographic photoreceptor according to 
claim 1, Wherein the protrusion has a ?at top. 

5. The electrophotographic photoreceptor according to 
claim 1, Wherein the resin portion substantially entirely cov 
ers the protrusion. 

6. The electrophotographic photoreceptor according to 
claim 1, Wherein the resin portion comprises a resin com 
pound containing a ?uorine atom. 

7. A method for manufacturing an electrophotographic 
photoreceptor, comprising the steps of: 

forming a photosensitive layer comprising an a-Si material 
on an outer surface of a cylindrical substrate, the photo 
sensitive layer having a protrusion; and 

partly or entirely covering the protrusion of the inorganic 
photosensitive layer With a resin. 

8. The method for manufacturing an electrophotographic 
photoreceptor according to claim 7, Wherein the covering step 
further comprises grinding of the protrusion. 

9. An image-forming apparatus comprising an electropho 
tographic photoreceptor, the electrophotographic photore 
ceptor comprising: 

a cylindrical substrate; 
an photosensitive layer comprising an a-Si material on the 

cylindrical substrate, the photosensitive layer having a 
plurality of protrusion; and 

a resin portion partly or entirely covering the protrusion. 

TABLE 2 

Comparative 
Example Example 2 Example 3 Example 4 

Electrophotographic Electrophotographic Electrophoto graphic Electrophoto graphic 
photoreceptor A photoreceptor D1 photoreceptor E photoreceptor F 

Toner 25% 8% 0% 10% 
deposition 
Discharge 0% 0% 0% 0% 
breakdown 
Black spot 10% 4% 0% 5% 
Evaluation Poor Fair Good Fair 

Table 2 shoWs that toner deposition, discharge breakdown, 
and black spots Were reduced in the electrophoto graphic pho 
toreceptors D1, E, and F according to the present embodi 
ments, as compared With the conventional electrophoto 
graphic photoreceptor A having no resin portion. Thus, the 
present invention can provide an electrophotographic photo 
receptor exhibiting less toner deposition and feWer black 
spots than before Without deterioration of discharge break 
doWn. Furthermore, according to the present invention, dam 
age to a cleaning blade by a protrusion, insuf?cient cleaning, 
and black-striped image defects can be reduced. 

What is claimed is: 

1. An electrophotographic photoreceptor comprising: 
an electrically conductive substrate; 

a photosensitive layer comprising an a-Si material formed 
on the substrate, the photosensitive layer having a pro 
trusion; and 

a resin portion partly or entirely covering the protrusion. 

50 

10. The image-forming apparatus according to claim 9, in 
Which the electrophotographic photoreceptor exhibits 
reduced toner deposition compared to the electrophoto 
graphic photoreceptor that does not have any resin portion. 

11. The image-forming apparatus according to claim 9, in 
Which the electrophotographic photoreceptor exhibits 
reduced toner deposition su?icient that black spotting defects 
in images are not observed. 

12. The image-forming apparatus according to claim 9, 
Wherein the protrusion has a ?at top. 

13. The image-forming apparatus according to claim 9, 
Wherein the resin portion is disposed on the front side of the 
protrusion in the rotation direction of the electrophoto graphic 
photoreceptor. 

14. The image-forming apparatus according to claim 9, 
Wherein the resin portion substantially entirely covers the 
protrusion. 

15. The image-forming apparatus according to claim 9, 
Wherein the resin portion comprises a resin compound con 
taining a ?uorine atom. 

* * * * * 


